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softwaw mnulatm of tllc N’f [ I ,- SrJ’l)-
1 7 5 0 A  awllit cctuw that rwxwtcs 1750A code at a
rate of almut 4 ht[l’S  cm a Sun  200 NIJI17,  lJltra2 w(wk-
st,at,iml,  and effectively scvmal  times faster than that
WILCII alJ1}licaticJri-s~)ccific  ol)tiltlizatimis arc u s e d .  A
]iulnlm of o p t i m i z a t i o n  tdlTliqucs were used, ill-
cludillg  I)inayy  tmnslaticn[ and aTI ullusua] crlmlatitni
of the 1750A tilllcrs a~ld It ImIIOry l[la]la:;cl[lt~llt  urlit.
‘1’lLc lmfomance tcchndogics uwd within tlm  cltIul:l-
tm arw fcm tllc most  l)a}t, al)JJicaMt: to the mtlulati[nl
of othw Jnwcessol avcllitcctuws.

1  IN’I’RODUCrl’ION

WC dcscrilm tllc ilt)J)lclllelltatic)ll  of a  f a s t  soft,wwm
mlmlator of the Ml 1,-S’111)-1750A [1] JWOCCSSO1”  awlli-
twtul’c. ‘1’lLc mnulator’  cxwutes 17.50A ~)irlaly oJ)-
codes just, a s  a  hadwaw proccssm’  would, alId  lx-
ha~ws just as a hardwaw Iuwccssor woultl  if it cx-
Cutd  tllos(’  opcod[!s.

‘J’lLe cltlulator is a ~)(~lfc)ll[lallc  (:-li~llitirig corttl KlrlCllt

of the I [SS series of spacecraft sil [mlatom[2].  A l)ur-
lKHC of 11SS is to mtmlatc tlw “future” of o~mratillg
sI)acwraft,. ?’crforlnallcc is thus critical, Imcausc it
nlust tw lmsildc to stay alwd of tllc c){wratill~  sJmcc-
C~aft, Whik ah lllailltaiTlill~  U lIla I”~i H fol” M?(”(N’(!I’J’  ill

case  of mums such that altcrnatiw futures xtiust IN
CX1J1OKX1 m a simulation ~nust  k rcstark!d.

‘J’hc priritary oJ)tirnizatioJl tcclllliquc MYI usc is  l)i-
IIa Yy tra~lslatiml [3]: \$’c tra~lslate (lmrtimls of) the

—
“’1’lIc work dcscribcd \va.s pcrforllld  at ttlc JCL }’ro[)lllsic)rl

1 ,atmrat ory, California Institute of ‘J ~ctl!lMH’  t{ 11[1[’~ ~~~rjt [~~1
\vitll tl)e National Ammautics  and Space A(llilirlistralic)ll.

(Jlllikf otllrr i)illary trallslat(m iTl tllc litcratuw
[3, 4, 5], wc trallslat,c }ll~)cks of 1750A cmk illto ()+ +
fullctiorls, mtllcr tImTl diwctly into llativc code .  ‘1’llc
trarlslate(l ~mduct i s  t h u s  lligllly  lmtjal)lc, aTId wC’
d(m ‘t lialw  to du~)licatc  the o~lt ilni~jatimls  of a trz~-
ditimlal c(ntll)ilcr:  tllc (;++ ct)xul)ilcr  d(ws  t h o s e  f o r
us .  Nlaint,olallcc  costs arc rducd, a~ld judgirig  fro]!]
aIL cxal~li~latml  of the resulting code, lwrfortllalicw  is
comlEImlk  to tht o f  code gc]matcd by a custolll
cmll J)il(T.

\$’c (1(J not  r e q u i r e  that all 1750A code lw traTls-
li)tj(’(l: tll(’ (!11 lUlatol” will 11S(! tl’allSlat(’Cl l)lOCkS \vllCI’t!
avail  alk, rnort illg to illt(’rl)l’(’t:!tic)ll a s  Ilwcssary.
‘1’his fallt)ack r(wchaltisltt  is all ill)lmtallt, fcat(lrc o f
our [Vllulator> sillc(> s~)ac(waft co(k (and tl[us tJIc

c(K1(’ ill our (v[]ul ator) can lw altmd \vllil(’ it is cx(:-

cutil)g.
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2 R E L A T E D  W O R K

‘IIIrm is a lmig history of  attcl[l})t,s  to il[qwovc  tlw
pcrformallcc of illteqwtivc systm[ls. OTIC llistmical
tbmad Imsscs through the llistoyy of ilitcrlmtcd vir-
t u a l  ltlachine llanguagcs de jovI: e.g. S111alltalk[4],
A1’I,[G], b’th[7], a?ld ?iKHt  K!CClltlY t]aVtl; :uld  all-
Otllw tllr’ough  coIllputcY  Syst(vlls  that support cxccLl-

timl  c)f Iwogralns  built for otllcr coln]mtcr syst(!rlls[8,

3, 9].
Nlost  of tb[! o~)timizations w u s c  Imvc Imvi usml

~m~’iously,  in sigllifica[lt urlclc!rtakirl.gs  of 1 IIhf [8] a~lcl
l a t e r  l)y I )igit,al[3].  lJuiqu[~ t o  our systcll~  i s  t h e
u s c  of all e x i s t i n g  co]nl)iler systclll to }mrforrll  tr:l-
ditiollal o~)tiuli~aticms,  coulk!d with cl[))llaill-sl)(’cifi(
o~)tilnizatiolls  ~)crfomlml  I)Y our tiallslator. OuI al)-
J) N)aCh ~1’Catl~  I’CCIU(X%  th(’ COst (If t]l(! d(!i’do~)lll[’llt

arid mailltmance o f  tllc clnulator, yet ~)mvidcs  tlw
sophisticat,cd o})ti]tli~atio]is  of otllcr aI)I)rwaclIcs.

3 A R C H I T E C T U R E

‘1’hc clnulator  im~dmucnts  a l l  hfIl,-S’l’1)-1750A  fc:l-
t,uws, slid a nu~tllm of ~’c~~l(lc)l-s~)(:cific[lo] aTLd h f l l , -
S -1’])-175011[11] cxtmsimls. E’caturx: sets (e.g.  lmak-
~mint,s, illstmction tracirlg, wndor-spccifir cxtcll-
sioJls)  may }m collcctcd into lmmmlalitics, all of which
sharw t h e  sal[m  C;I’lJ state an(l s o  cmt }W slvitcllrxl
du)ing mccution of  the cmulatol. ‘J’lIus fcatum UTI-
neccssary to a p a r t i c u l a r  a~)l)licatioll,  or CVCII to aTI
cxccutlim phase  of  tI1c saruc a~q)licatio]l,  (10 ]]ot, iTl~-
lmct t,hc lmfmmancc of tlm a~)plicatiml.

The 1750A emulator is dmigucd  to cxhil)it fklclity
suff  icicnt, that, it is not possiih to writ,c  a 1750A }nw
gra~o that call  discriltlil)atc Imtwcml  a lmr[lwarc )MW
ccssor ant i  the  c)lmlatm. ‘lb this cr[d,  tfhc m)ulator
is  tcstwl }vitll the 1$’rigllt-l’att(:rsc)li  AFII 1750A  t e s t
suite known as 1750A \rSW (\[crification S(]ftwaw),
~wsioll 2.4.1: ‘1’hc sa~nc tests tl[at aw used to certify
lm~dwarc il~ll)lelllcrltatic)lls  of the 175(IA :llcllit(*cttll(~.
‘1’11? s u i t e  h a s  scvwal hurldtwl test sets ,  alld tllou-
sanrls of individual test vectors, that (!xewisc  Iilost
as]wcts of the 1750A  architccturw.

‘1’hc cwulatm can bc iutmfaccd with cxtm[lal (wItI-
I)c]llcllts.  l;ach p a g e  c)f ]tlclucwy is citflm ]Ilal)lml cli-

‘1’jl[ (~llllllat,or arcllitccturc is lmscd u]mI tllc u s u a l

illt,wl)tctcr ICq),  ilS outlined ill al)proxil[late alld silil-
I)lified  fo~lll ill figuw  1 ) .  llcgistcrs aw illlI)l[’Tll[’llt(’(1
;)s a~l allay 1{. lJniO1l  stmct, uws aw used t o  dccodc
il?l(l cxtr’act various l)it firlds fwlll tI1c illstmctif)ll.

(htaill ()]wo(ks (sclmtcd frc~ln tllc set  o f  uliusml
OJ)CO[lCS)  c..g. 0x511 i~l f i g u r e  1 cause fuTlcti(nls  to Ix’
called, r a t h e r  tllall ol)c(ldcs  to Iw illt,er~)wt,cd.  ‘J’his
is  t,llc lmsis of t,fle l)illary traTlslatioll oI)tirtlizatiorl.

in t  execute  (int cycles .to.do)
i n t  c.done = O
t c a c h e  =  do_tirners(c_done)
while(c_done < cycles-to_do)

check_interruptso
i n s t r  =  MemRead(RIIC])
RIIC] + =  length.of(instr)
c_done  += cycles_of(instr)
switch(instr. opcode)

. . .
case  0x5b:

c_done  += fas t  [instr.val] ( t h i s )
b r e a k

. . .
endswitch
if(c_done >= tcache)

t c a c h e  =  do_timers(c_done)
endif

endwhile
r e t u r n  c _ d o n e

Figure 1: ltllllll:ltorz  llg(llitlllrl
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4 OPTIMIZATIONS

4.1 13inary  Trans la t ion

}Iillary tlallslatioll refers to tllr:  act of cmlvcrtiug  a s(i-
quwce of billary mdc fm[] OH(! forrllat (e.g. 1750A)
to :]llot,lle]  (c++’. Sl~AIL(;) ,  S(IC}1  that, t,ll(: ht,t(!r fra~-

Ii ]mlt, of cod(! I)chavcs cxact,ly  as tllc fen] Icr witjfi rf’-
spcx-t, t o  t h e  visible st,atc o f  tlw for~lm. 111 Oth(!l’
w o r d s ,  tllc S1’Ali(; cc)dc l[lallilmlatcs tlm  (VI mlatml
1750A  r e g i s t e r s  and ~tlmtlory  exactly a s  d o t s  tflc
1750A  code, lmt i t  cxccutcs dirwtly OIL tllc S1’Ali(~
~m)cesso~  ratlmr than withill  an illtcrlm:tcr.

]Iina]y trallslatiml is of tell u s e d  to illcrcasc t h e
lmforlilauce of interpretive systems, alicl dots so 011
three  bas ic  f ronts :  I t  clirt]iriatcs sorfIc! illt(:rl)lc’til’c’
o~whcad, siucc that, overhead bcmucs suimTticd I)y
the S1’AltC; Processor itself; SOn)c thi~lgs  ][)ay lJC ]Mc-
co~nputcxl  during the t rans la t ion,  for  cxall]l)lc regis-
ter fields withill  the 1750A opcodc; slid cmtaill otllcr
ol)tinlizations l)ccon]e.  ]Wssildc,  sil Lcc a scqucvlcc  o f
opcodcs  is translated aTicf thus ccrtai]l flow-lms(!d  ill -
forrllatior[ can lK! used that is r~ot availal)le  to aTl ill-
tcrprctivc architecture.

o u r  t,raTlslator  olwates ill t,~~’o ])hascs: First, i t
translates the 1750A code scqu[!llccs  illt,o (;3 + fUll(”-

timls w i t h  cquivialent smllantics, I)ut, w i t h  certairl
domain-s] )ccific  optiIni7jati(ms  a~)])lid. ‘lILCII tlLc host

~]+~ CWll])ikl’ tI’allSht,(!S  thC (;+ + fUIICtiOIIS into Il;l-

tivc cock, durir(g which  all of tlw usual co]t)])ilrr ol)-

timizatiolls arc ~)crfori)lcd. ‘1’lic (nltlnlt o f  tlic first
stage is dcsiglicd to mafw it easy for  t hc colt II)ilcr  to
o}ki~llizc  the code.

As a last resort, the C-t+ fu~lctiolls  ~l)ay Im edited
II)anual]y Ix:fore  ccnllpilatio~i, though V’(! haw n o t

found this ]Ic!cessary. W C  in fact tried to o~)tilllizc
smtle of the f u n c t i o n s  bcyorld T!’hat is doJIr ])y tll(:

trallslato~ (e.g. ma~lual  datafknv analyis), but, fou]ld
tlm r e s u l t s  o f  nlillimal coIIscquc IIcc. FYOIII tf[is  we

colljccturc t h a t  th(!m isn’t, ]nuch tllow lwrforl[lallcc
to Im gai~lccl frolll  ilicrc:asillg  the sc)~)llisti(”ati{)ll of tllc
translator Optirnizatimls.

‘1’hc translator pe~fmms a Iiu]tlim ofol)tillliz:lt,ic~lls
slm’ific to the 1750A, outlilmd het’c.

Conq)il[}-tinm  opcode  dcxx)dillg  ‘1’11(: iIltwl)r(it(v

]llust (!xtract ccrt,aill ilifortnatimi fw~ll WCII  ol)-

codc cacll tilllc t,hc o~)codc i s  erlcoullt  WC(1.  For
(INIIII[)lC, SOIII(!  }~itfidds  iTl tllc ol)codc slmify
~vllirll iTldcx and ot,lm r e g i s t e r s  t o  use. Sillcc
tllc \’aIu(’ of Lhos(”  f i e l d s  [IO(% Ilot Chmlgc dul”-

illg ])rograIII  cxwutiollj tllc t rallslat or dots the
dwodirlg  durirlg t h e  trallslatioll, l)rovidillg two
Ixvlcfits:  \$’c avoid the cost of lulltilllc decoding;
aTld the ctutll)ilcr  lms  IIWC (q)~)ort,ullity  to (]})ti-
I(lixc, sirlcr e.g. away iri&’.ws  into the  registm
data structure tmcol[w  liTIOWII at cO1llJ)il(’-tilll(:.

1 )oll’t, coItII>litc (:xcq)tiolw  hlaIIy  1 7 5 0 A  a~itll-
ltletic olwmti(]rls cIiwk f~w e.wq)tiollal co~ldi -
tiolls, e.g.  (m’erflow and ulldmfl(nv.  It is costly to
~mforl[l  tllc clwcks  ill softJvarc, so tllc translator
SUJ)I’(’SS(’S  g(’IICWtiOll  Of t,h(’ COd(’ that ]) C1’fOl’11 IS

tllc  clIccks  if it call  tw kII(nVII that citllm tll(: (.x.

c(yti(m \vill 1)(’ ignored or can ]Iot o c c u r .

IIrallchm comwrtcd to C+ + m~lclitionals  III
r e t a i n  Cas(}s w transht(i 1750A mlditimlal
I)1211(”11cs diwctly ir!to  (;+  +- c o d e ,  whic]l  v i r -
t u a l l y  CliTIliIlat(’S t h e  c o s t  o f  clllulatillg tllc
t)lallcll.

4.2 Memory Management lJnit

‘1’hc 1750a  h! hi (J takes as illput a l&l)it logica l  ad-
dtx’ss, addwss tylw (il)sttuctim] or o]mralld),  access
]IIod(J (mad or ~vritc),  address state, and ~mrl~al)s data
to iw ~vlittc]l.  It v a l i d a t e s  tlle olmatior] agair[st the
currw[t l)mtcctioll II IO(l(J  of the (;l’11,  a~ld if tlw o])-
cmtiol]  is legal it }mforrlw tllc olmatioll, otlier~visc
i t  s e t s  cmtairl s t a t u s  l)its to illdicatc ~vllat ty}w o f
violiltiO1l” occurml, }vllicll ]Ilay  sulwqumltly cauw all
ii(terru~)t  to bc asscttcd.

‘J’hc illgol’itllTll required to Wllllmtc  tllc I)llysical
achlrcss and Icgality of  tllc o~matio~i  is sullstar[tial,
slid JV(NII(I t a k e  II IaIIy  illstl(lctiO1l-tiTllf’s  to collllmtc’
~vcw it clllulatcd for each II I(YII(Ny acc(ss. 1 Io}v(’v(v,



the  (;I’U state itm]ls that) affect tllc out,cf}]llc of tllc
conl~)utatioli,  other than th[! logical ZJtklrcss, do IIot
ofteIl  Chaugc’.

\\’c  thcrcforc rm-corfll)u tc the legality of arccss to
each logical l)agc. If the logical lmge  refers to I)llysical
l{Ahf  and allows lmtll reads  aTId wri tes ,  w!  ~)ut the
IAysical address directly iTlto  a h! Ivf (J cacllc SUCII that
tllc Ihysical ltANl locaticnl call  lK; quickly located, If
the logical page is fully acccssahle, or refers to smt 1(:-

tllillg o t h e r  than I{ANI (e.g. a hardware i/o regis-
ter) thc~l the  Nfh’l(J carhc slot, is set to z e r o ,  which
causes the! full h~ Ml] algoritll~ll  to ~Jc! IK’rfort[md  UIKIII
tllc addl’c!ss. ‘1’hus nlost oJK:ratiolls  (k!gal  r e a d s  aTld
lvritcs) cxcutc very quickly. only u]iusual corlditiorls
(illegal accesses or hardware i/o) execut[!  shnvly.

‘1’he hfhl(J caclke i s  iltl]llcl[]clltcxl  a s  all array ill-
dcxcxl by logica l  page  ]lu]lllmr  that co]itaills  either
zero, which  indicates  that  tile full h!h!tJ  algorithlrl
]uust bc apldiccl, or au address such that tllc follow-
ing cxpmssiml  yields the address ill host II)(:II Iory to
which tlw logical address rcfws.

4.3 Lazy evaluation of arithmetic con-
dition codes

hlaTIy aritllTlletic a~ld other o}matiolis rcturll not
o]lly  a result,,  lmt set cert airl co]lclitioll  flags as \vcll.
‘1’lL(J 1750A has  four  c(nlditioll codes:  (“:IYry/l)OItc)lV,
lmsiti!e, zero, riegative. ‘1’here is a Ijit  in the (;S fiek]
of t,lle S\\’ register ful  each of thrsc coliditiolts.

(kntsidel all O])co(le that coIlll)utes 1{0 ❑ - 1{0 + 1{1.
‘J’hc follotvillg  code’ fragll]cllt  slI(Nvs ho~v t h i s  would
I)c ir[ll)l(’r[l(’rlt(:cl  IV/O lazy cvaluatioll:

RO=RO+R1
if (RO > 65535)

SW 1= 0x8000
RO -= 65536

end if
if(RO > O )

Sw 1= 0X4000
elseif(RO > O )

S w  1= Oxiooo
e l s e

(RO == O)SW 1= 0x2000
paddr = cache [lpage]+laddr endif

‘lb write a value to the address rquires ort]y t i le
followiTlg ol)eraticm. ‘1’his colu~nlt,atio~l  cal I l)c lm-
forrncd iu a fcw host il[structioll tiTlm, as olqm(!d  to
~llaliy tens or lmlla~)s hulldrcds of host illstructi(nl
tilllcsrec](lirc(lto conl~mte  tllo full h4h!LJ  algoritlllll.

if cache[tmp=(]addr >> 1 2 ) ]  ! =  O  t h e n
*(cache [tmp]+laddr)  =  va lue

e l s e
full_MMU-write(laddr,value)

endif

N’c)t,c that the value iu tl[c cache array is llot  j u s t
tlm offset to the lmge,  lnlt illcludcs  co~lllmlsatioll  so
that  tile logical addressnlay si]tl])ly  IM: a(kled to t,l(c!
c a c h e  value. Ot}lcrw’isc  you wOukl have  to  exlN!II(l
n]ore cycles extracting the offset, fro?!) the logical a(l-
(lI(!SS.

‘llllecollt,(:Ilt,sc)ftllc  cacll(:  ?lll:lyis  iTliti:lliz[:(l(:  v(’ly
tiTne the address s t a t e  cliaTigcs, and every tilllc t,lle
l)agc regist,clsfo] the rclcvalltl  ~)?)ge:lrc:lllo(lifi(:{l.

Nc)t(’ tlli)t this refluires u sir,llificallt alllOuIlt  of cc)(l[’
to cmtll)ute tile cmlditiml co(les.

I1lstcad, MW u s e  tile sall)c  tccltlliquc  as outlined iTl
[ 3 ] :  Sil[lldy  S~lvc!tll[’1 (’s\llt{)f tll(()})c:lati()ll (i,, t h i s
case 1/0) all(l  o~lly conduct the checks should a later
(q)crat,iorl  require t,]({) results, ‘J’hus our code f[n  the
al)ove  looks like  this:

RO = RO + RI
j.f(RO  > 6 5 5 3 5 )

SW 1= 0x8000
RO -= 65536

endif
CSlazy = RO

1[(’1’(’  k II(W a COd(! fl’a~Ill(’Ilt W(JUkl  Ch(’Ck  that th(’

result of a lmc~’ious  ol)cratio~l  was  l)ositi~’e,  for  lmtll
fragrllcllts al)ove. ( A )  iS for t]lCJl:liV(’  iJll])]Clll(’Jlttl-

tioIl,  (11) is for our ill)])l(:Il)(’Ilt2]tiorl:

A :  if(SW&Ox2000)  . . .
B:  if(CSlazy == O) . . .



You CaII scc t h a t  our Illd,l)od dcm ~lot irll}mc sig-
~lifit”allt lmIdeII OII th is  con)] mtatiml, citllcr, aIId  s o
C1OCS  lnwidc  a ]x2rforI[)aucc  iI[ll)lovcr[icIlt,.  W’(I u s c

t h i s  same techuiquc ill the iuter~wter and tlic l)irlaly
tjrallslat,or.

III the 175(IA it, is possiljlc  to  force  t,tlc colldit,ioll
codes  to  rclmcscllt  collftict,iu,g  stat,csj e .g . negative
aTId ~msitivc,  sin]ultalliously,  For  tl]is rcaso]l (; LSlazy
carries a “valid” bit (~lot, S11OW’II  iTl the exal[qdcs) tllat,
i f  clear, illdicatm t h a t  t h e  a c t u a l  cmlditiml codw
111 USt ])(! CXalllhld. ~}~(!  h?IVC  IIOt,  ()~JS[’1’V(’1”(1  tllk Sit,ll  -

at,ioll  iTl l)rarticcj Inlt w! d o  scc ill ill tllc \lS\$’ tcst,s.

4.4 Float ing-po int

Floatiiig poi]]t is used heavily by II IaIIy acrosl)acc al)-
])lications, for  Cxaullde  ]Iavigatiml aIId  at,t,itudc  corl-
trol. l’crfort[iancc is  thus  ilfllmtallt, a]ld  optilrlizcd
as outlined iTl this scctio~l.

Ml 1,-S’1’1)-1750A slmcifics  a particular data forlllat,
ancl iI[ll)l(’ltlelltat,ioll  of floating poillt, ll]lfol’t~lll:)t(’ly
Ilot, AiNS1/1 }4;I;1C  Stcl 754-1985. (if it wwrc!, we couhl
stl,aiglltfc)rw,  arclly  usc the workstatioll 1 1’;1’;1;  fioat,il+-
l)oint hardware tl[at is IIcarly the ulliy,ersal  stall(lard
t o d a y . )  l{ather than illlplcv[mnt  tllc ftoatillg  point
as IOa IIy lillw of C+ + cock following t,llr  algorit,h]l  IS

s])ccifkd iu tlic staudard, w illst,wcl  t,rauslat,c t,tlc
o])crallcls, cluri~lg rulltill]c, illt,o 1 Itltl; 754 ftm]llat  (or ,
ltlorc generally, the Ilativc forl[]at of tllc host colf I-
lnlt,er), lxv.fcmln th(! olmatioll o~l tl~r V.,orkstatio]l
hardw’arc, thell c.onvcrt  the rcsult,s l)ack  to 1750A fol.
I))at.

J$’c foulld t h a t  ])articular attc!lltio)l  ]Ilust, 1)(! l)aicl
to tllc deta i ls  of  collvcrsioll and ovcrfknv,  ull(lerfl(nv
aTLd roundiug. F’ortuuately the \lS\t’ tests illcludc a
large TIuTt)lK:I of vectors to explore the l)chavior of
ttm floating J)oiut  iltl~)lcl[lclltatic)ll,  as othcrw,isc  it is
litwly  that we would have ~nadc  ullcletcctccl I[listakes,

4 . 5  T i m e r s

‘1’hc 1750A lias two t,i~tl(!rs,  called til[m A aTI(l t,itl]er
11. l~acll h a s  a  16-l) it, coulltcr, alld a reload ~raluc,
‘1’hc A a~ld 11 cou~ltc’rs arc illcrcllm~ltcd  ( i .e .  “ t ick”)
c~wry 10 and 1 0 0  II licroscco~tds,  rcslxx”t,ivcly.  \$’heTI
a coullt,[!r rolls over t,c) zero. it causes aTI ilitcrrul)t, to

lx ~Jostc(l, all(l  tllc coulltcr is reloaded }vitll its rcl(md
Valu(’.

‘1’irller C]llulatiorl  Ilmst he fast, sillcc it cxccutcs ev-
ery itlstructio]l, aTId it ltlust liot  drift, sillcc it is lms-
sit)lc  for  soft,lvare  to coIIIIElr[! t,llc tirller rate agairlst
<III (’Xt(!l’1  1:11 SO UI’(”C.

\$’(1 (JXJ)IXISS  tllc t,illlcr  rates ill ratio~lal forlll, “II”
(;1’(1 cycks ])(’] “III” counter ticks so that IIlost  clock
rates ca~I lx, exactly cxlnx!ssccl  and therefor clock drift
rc]ativ(’  to ti~llcr  ticks call  bc lnrvclltcd. \’is t,ilflcr
A ,  1.2L NIIIY,  is 25 illstructio~[s ~m 2 ticks. Float,i]lg
l)oillt d o t s  not clirllillatc  tllc l)rold(vtl,  aTId is Itlucll
s]( WC] tlla Tl i~lt,f’gcr arit,hllletic 011 Illost, ~vorkstatio~ls.

F’igurc 2 outlillcs a  sil!llk: I jut  correct,  ill]l)lcltlcll-
tatioll o f  a  1750A tilll(!r.  “ a c e ”  aTld CLcouTltcr” arc
1~-l)it  ullsigllcd i~lt[yyrs. “olt,” is the IIUTIIIKII’  of i~l-
st,ruct,i(ni  cyclrs l)y ~vllicll  the til[m is to lx’ adva TIc(xl.

‘J’lm alg(mitlllll  costs at, least,  a cou~)k: of coll(litiollal
ljraTIclIcs  a]ld  a COUI)lC of aritlllllctic o})cratiolls each
tirllc this c(jdc  fragrllcllt is cxccutccl, aud it ~llust tw
[! X(lCUt,(’(1  ~)1’dt,~ lllUCh aft(’1’ (’aCh  ill Stl UCt,i(J1l  iS [)X(!-
cut,cd.  It is al)lmrellt tllat this is a Sigrlificallt,  ~mfor-
IIlall(”(’ l)ottk’Il(Y’k.

if (timer _enabl ed)
acc += m*dt
d t = O
while (acc >= n )

acc -= n
counter += 1
if(counter == O)

i n t e r r u p t  ( )
c o u n t e r  =  initial_value

endif
endwhile

f i

Figurc2: Naiv(’tiTll(’l:  llgc)litlll[l

‘Ii) irll~)rov(: t,llc })(’rfc)l]lla]lc(’c)f  tllis algoritlll l], Iir[’
siTli})ly adva TIc(,  ( I t  to tile f i r s t  ~jl(!-(.c)~ll})lltc~cl Imillt,
ill tltc fu ture  at, which  eit,llcr  tllc coulltcr ~vill roll to
ZC1’0,  01’ jUSt b(>fol’(” aIld al’ithIIl(itiC  O\’CV’flO\i’  M’OUkl

occur. Also, if tllc (;I’LJ olmrves(m cl LaIIgcs tlLc state
of tl[c t,illler  registers, thc~l dt Illust lN writte[~  t o



those registers Leforc tllc o}mmntioll or cllall~c talws
place. ‘1’he tilller o\wrllcad  t h u s  alnortized to almutj
OIIe conl~)arc  lm intcrpretcl cycle.

Figure 3 sllcnvs fast algoritlllll. Note that, tllc tx)(ly
of tlhc algorithm cxecutcs mily IVhCII dt has adwmcd

far eIIough  to cause a tiIl)rn  illt,(:rru])t  to occur ( a s

q)~)oscd to cvmy f(!w i~lstructiolls  ill tll(:  Ilaiv(’  ilr)-

l)l(’I]]cIltatic))  l), so the 100]) overhea(l illl])os(d l)y tlw

til[mr is clorninatcd  by t,he sirlglc  co?ftrmrso~t of dt to
tcaclle.

if(dt >= icache)
old.cnt  =  ((int)counter)
c o u n t e r  =  c o u n t e r  +  (((int)acc)+dt*m)/n
a c c  =  (((int)acc)+dt*m)i!n

if(counter < old_cnt)
i n t e r r u p t
c o u n t e r  + =  initial_value

endif
d t = O

endif

Figure 3: Fast tilncr al~orit,lll[l

(i CONCLIJSION

FiT]ally, figure 4 lists the algcmitllTll t,llat conl})utcs
t h e  valucof tcarh cat which thetiTIIcr  will IIcxt  causo A OVI’;RYH;W OF 1750AaTl illtcrluptJ.

d2 = (n*(65536-counter)-acc-dt*m+m-1)  /m
d 3  =  ( 6 5 5 3 5 - a c e ) / m - d t
t c a c h e  =  min(d2,d3)

k’igurc  4: [k~]rlputatioll of tcaclic

5 FURTHER WORK

‘JIIc current syst[nn uses a static datal)asc that assw
ciatcs each block with all a d d r e s s  irl cacll vcrsiOIl O f
sof tware .  \\Tc co~ljccturc that fielded fliglit s o f t w a r e
d o t s  not cllaagc often, aTld WIICJI  i t  dots  cha]lgc, it
docsll’t clla~lgc  a lot. ‘J’his suggests that Illost blocks
arc prohal)ly still valid, tliough their iTlstallatioll ad-
d r e s s e s  lnay have  than@. \Vc prqmc to cIy]lalt) i-
cally l)lacc blocks, perhaps based u]mi a signature of

ht 11,-S’J’1)-1750A  sl)ccifics  a~l ilistluctioll set arcllitct-
turc (“ISA”). It exIdicitly  does Ilot  address ~)llysical
coIlr(’1’Ils, e.g. s~jccd, ~vcight,,  lmvcr, i / o  calml~ili-
tics, aILd so 0][. ‘1’hc i[ltcllt i s  that  code is  l)ortal)lc
aTll(jllgst  cc)li~l)liallt I)roccssor iTllljliTll[!llt:ltic)lls.

‘1’hc 1 7 5 0 A  sJJecifics  a sixtcerl-l~it,  d a t a  }vord,
sixtcrli-ljit logical ad(lresscs, all(l  t\vcIlt,y ([)1’ 11101’(?)
Ilit I)llysical  addresses . ‘1’here  are sixteml addvcss
st, atcs, CaCII (If V.,llicll II Ia])S a sot,  of 4K\$70rd  ~mges

illt(] tllc })llysical  a(ldress SIEICC. ltaclI ~mgc is ]llarkcd
e i t h e r  rea&cnlly, cxccuteolll~,  or r e a d / w r i t , e .  FuI-
thcr, tllc ]Aysical address  sI)ace  lLas ~vritc l)rotecticnl
ill lK\$’ord ullits. ‘1’hc 1 7 5 0 A  lLas floating  I)oillt  ill-
structiolls, {lsi~lg 1750 A-s~mcific  flo/]tiTlg-~)c)illt,  d a t a

forlllats and algorith~lls.

‘1’hc OIIctI-l)I()~)CIs(’Cl  hll 1,-S’1’1)-1750}1, a~ld llmst
vcIIdm (!xtcllsiorls  to N411,-S’J’1  )-1750A, lmsically adcl
SOIIIe addit,iollal illstructicnls, and :lccO1[lc)cl/ltiO1l” o f



.,.

larger IAysical address  SIEICC,  to tllc l)asr 175(IA ar- [11]  l’]o~,osed  SAII; Stalldard sixtccll-l)it  c“ollllJutcr
cllitccture. s e t ,  arcllitecturr. l)qmrtrlicilt of l)cfctlsc, JUIIC

1989. l)llA}”l’  NIII,-S’1’1)-175011  (LJSA}~).
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